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a b s t r a c t
Pressure redistribution and off-loading is a vital component in the management of the foot
in diabetes. In the present study, a new portable system encompassing thin piezoresistors
was tested for clinical utility and efficacy with respect to a commonly used pressure
relieving dressing for the foot in diabetes.
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Pressure redistribution and off-loading is a vital component in
the management of the diabetic foot [1]. A plethora of off-
loading devices (e.g. removable cast walker, total contact cast
and insole) have been developed in order to achieve this goal
[2,3]. The incorporation of felt or felted foam in the treatment of
patients with an ulcer has gained clinical interest [4,5],
especially because it can be easily customized to the morphol-
ogy of an anatomical area. Previous research has highlighted
the pressure relieving capacity of these pressure-relieving
dressings, with an immediate pressure reduction between 30%
and 60% [4,5]. The strengths of these studies are that both
included a population with diabetes (the former without
ulceration, the latter with a neuropathic ulcer) and that the* Corresponding author at: Weligerveld 1, 3212 Pellenberg, Belgium. T
E-mail address: kevin.deschamps@faber.kuleuven.be (K. Descham
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0168-8227/# 2015 Elsevier Ireland Ltd. All rights reserved.efficacy was measured over multiple days. However, critical
appraisal of these studies highlights that pressure measure-
ment was not assessed at the level of the skin but between the
dressing and the ground or shoe. In both cases, a direct pressure
assessment at the region of interest was impeded. Finally,
these studies did not report pressure data in other regions of
the foot while off-loading a specific metatarsal.
The use of thin sensors, as recently proposed with the
portable in shoe measurement device of Tomorrow Options
Microelectronics S.A. (Sheffield, UK), may provide an adequate
solution to the above shortcomings [6–8]. The dimensions of
these sensors (1 cm2 and <1 mm thickness), their portability
and their continuous monitoring capacity are important
advantages of this technology.
We therefore aimed to investigate the pressure relieving
efficacy of felted foam under individual metatarsal headsel.: +32 477206847; fax: +32 16 338 027.
ps).
Fig. 1 – Placement of Walking Sense sensors on the plantar
aspect of the foot. Sensors were first fixed onto the skin
and afterwards felt was applied.
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was first assessed in a population without diabetes, as its
feasibility and safety have not yet reported.
2. Participants and methods
Forty-eight adults without diabetes (27 men/21 women, mean
age 21.7 years, mean BMI 22.3 kg/m2) were recruited at the
University College Parnasse-ISEI. Potential volunteers were
excluded if they had a history of lower limb surgery within the
last 12 months, an injury of the lower limbs in the last 6
months or an antalgic gait. The study had institutional review
board approval and all participants gave informed consent.
Participants visited the gait laboratory of the podiatric
department on one single occasion. Dynamic plantar pressure
measurements were assessed using the Walking Sense1
system and recommendations according to the utilization
and calibration of the device were strictly applied. The
measurement procedure encompassed five specific stages.
First, the eight sensors of the device were placed on the
dominant foot of each participant using double adhesive tape
at the following locations: hallux, each of the five metatarsal
heads, base of the fifth metatarsal head, medial and lateral
part of the heel. The second stage (baseline measurement)
consisted of analyzing the plantar pressures under these eight
regions while walking on a treadmill at 4 km/h using a
standard neutral shoe. Subjects were given the time to
familiarize themselves with the instrumented situation and
the recording started after 5 min. The third stage consisted of
analyzing the baseline plantar pressures at the five metatarsal
heads in order to determine the metatarsal head with the
highest pressure. In the fourth stage, a felt (PodoPro semi-
compressed felt pure wool 7 mm, Poditech Ltd.) covering the
whole metatarsus region was fixed onto the skin. Using
scissors, a U-shape was cut at the location of the metatarsal
with the highest pressure (Fig. 1). The last stage consisted of
recording again the plantar pressures with the felt fixed onto
the skin (treatment measurement).
Data analysis consisted of calculating the mean peak
plantar pressure at each metatarsal head of each participant
based on 10 consecutive trials associated to the baseline
measurement and treatment measurement. Differences be-
tween both measurements were evaluated with Wilcoxon test
( p = 0.05) using Matlab 2012a (The Mathworks, Natick, US).
3. Results
Distribution of the highest pressures during the baseline
measurements was as follow: 17% on first metatarsal head
(group 1), 37.5% on second metatarsal head (group 2), 37.5% on
third metatarsal head (group 3), 4% on fourth metatarsal head
(group 4) and 4% on fifth metatarsal head (group 5). Thus five
subgroups were created for further analysis, however, only
descriptive statistics were calculated for the last two groups as
they encompassed only two participants each. Peak pressure
at the first metatarsal of group 1 reduced significantly
following the application of the felt dressing (average
reduction 50.2% = 1.5 kg/cm2, p < 0.01) (Fig. 2). No significantimpact was found on the other metatarsal heads. Similar
results were observed in groups 2 and 3 (Fig. 2). The metatarsal
heads with the highest pressure were off-loaded by respec-
tively 53.1% and 54.2% ( p < 0.001). Following off-loading of the
second metatarsal head in group 2, a significant increase of
pressure was observed underneath the fourth metatarsal head
(average increase of 25.2%, p < 0.01). Finally, in groups 4 and 5
pressure reduction at peak pressure location was respectively
52.3% (1.33 kg/cm2) and 27.6% (0.63 kg/cm2).
4. Discussion
Results of the current study support the clinical utility of felt.
Similar results were found compared to previous studies [4,5].
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reduced, on average, by 50%. An interesting observation was
the increased pressure at the fourth metatarsal head when off-
loading group 2. This observation is novel, mainly due to the
fact that other studies omitted to analyze the pressures in
other forefoot regions than the peak pressure location. One
should be aware that off-loading with felt dressing may cause
increased pressure in other forefoot regions, with potential
risk of skin trauma.
The novel portable in-shoe measurement device used in
the current study was user friendly and particularly suitable
for assessing pressures at discrete locations. No side effects
(e.g. skin irritation) were reported by the participants. The
clinical utility of this new system is particular promising for
the diabetic foot community, due to its flexibility and
adaptability. The novel system allows pressure measurements
not only at the plantar surface of the foot but also allows also
measurement of pressure at the dorsum of the foot as well as
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